Several techniques have been utilized in this laboratory for the study of the nutritional requirements for virus synthesis in Escherichia coli infected by bacteriophage. For instance, it was observed that when E. coli strain B grown in nutrient broth was resuspended in a simple medium (F) and infected with T2r+ bacteriophage, there was a marked decrease in the amount of virus produced, as well as an increase in the latent period before virus liberation. These effects were overcome when the F medium was supplemented with amino acids, purines, and pyrimidines 
and glucose (G), supplemented with 0.05 per cent Difco vitamin-free "casamino acid" and was designated as CM + G. One-hundred-ml quantities were autoclaved for 10 minutes at 15 pounds pressure, and 100 mg of sterile glucose were then added. To sterile, metal-capped, matched Klett-Summerson tubes cleaned according to the method described by Toennies and Gallant (1947) were pipetted 5 ml of the completed medium. In the preparation of the standard curve (from 0 to 10 jig per 5.5 ml of medium) CM + G was prepared at twice the final concentration, and 2.5-ml quantities were added to 1 ml of standard solutions of L-tryptophan (Winthrop Chemical Company) in H20, 1.5 ml of distilled H20, and 0.5 ml of unsupple- Bacteriophage preparations. Purified concentrates of T2r+, T2r, T4r+, T4r, T6r+, and T6r in 0.85 per cent saline were prepared according to a method described elsewhere (Cohen and Arbogast, in press ).
Preparation of E. coli B. E. coli B, subcultured from stock slants on nutrient broth agar (Cohen, 1947) to 10 ml of CM + G, was incubated with aeration at 37 C overnight. Two ml of the culture were introduced to flasks containing 200 ml of the same medium, and the culture was aerated at 37 C. The bacteria, harvested by centrifugation when the cell concentration was 2.4 X 108 per ml (as estimated by the optical density of the culture), were washed twice with M and finally resuspended in M so that the final concentration was 1 X 109 per ml. Aliquots of this suspension were then added to the experimental tubes containing the amino acid mixture, phage, and glucose so that the final concentration of each amino acid was 10 ,g per ml; the phage, 5 creased more than 2-fold, with the most sensitive part of the curve falling between 0 to 6 pig tryptophan per 5 ml of medium. CM + G without added tryptophan did not support the growth of the organism, nor did the addition of other amino acids from 0 to 10 ,g per 5.5 ml of medium increase the amount of growth over that found in CM + G enriched with tryptophan alone. This is illustrated in figure 1 . Preparation of samples for assay. When B. coli B was grown in CM + G, washed, and suspended in M at a concentration of 109 per ml, then heated forthe recovery of tryptophan from the medium, varying amounts of tryptophan were added to culture tubes containing suspensions of heat-killed organisms at a concentration of 10' per ml and then heated for an additional 2 minutes. After centrifugation, the supernatants were reassayed and were found to contain the added tryptophan (table 1) . These control observations have been routinely substantiated since the recovery of added tryptophan at 0 time of incubation of our washed B suspended in M, glucose, and 10 jug of each of the amino acids has always been 100 i 5 per cent. Tryptophana8e activity of E. coli B in CM + G. It was important to establish that any disappearance of tryptophan from the medium was due to its assimila- All aliquots were centrifuged 20 to 25 minutes at 5,000 rpm, 0.5 ml of supernatant were added to triplicate tubes containing 5 ml of CM + G. Inoculated with 0.05 ml B/1. Standard curves on known tryptophan concentrations were run in duplicate.
suspension of B, in duplicate experiments, resulted in a more rapid disappearance of tryptophan from the medium. This is illustrated in figure 4 . Again tryptophan loss appeared to be greater when the cells were infected with the r+ strain.
E. coli infected with T6r and T6r+. As may be observed in figure with a T6 strain were slower than uninfected B in removing tryptophan from the medium. In general, cells infected with T6 were also slower in depleting tryptophan than other infected cells.
Because of the apparent difference in effect of each strain of phage on the recovery of tryptophan from the medium, the need for comparative studies among the r and r+ strains added to the same preparation of bacteria was indicated. In figure 6 In similar experiments with T2r, T4r, and T6r (figure 7), the loss of tryptophan from the medium containing T2r-infected cells was greatest, whereas the presence of T6r-infected B resulted in the least disappearance of that amino acid.
E. coli infected with irradiated or nortirradiated T2+ It was of interest to investigate the effect on tryptophan utilization of bacteria exposed to irradiated T2r+. A preparation of T2r+ was exposed to ultraviolet irradiation. The calculated number of hits determined from the percentage of survivors was 3.39. The depletion of tryptophan from the medium was then determined for suspensions of noninfected bacteria, or bacteria infected with irradiated or nonirradiated phage. The results of one experiment may be found in figure 8. Although 5 X 1010 particles were added to B in either case, the infection of bacteria with irradiated T2r+ resulted in a more rapid and complete depletion of tryptophan from the medium than the presence of uninfected cells, whereas infection with nonirradiated T2r+ resulted in a decrease of tryptophan utilization. (Cohen, 1949b; Cohen and Arbogast, in press) . Indeed, the rates of synthesis of protein and nucleic acid were essentially identical in a comparison of r and r+ strains. In a comparison of cells infected with T2r, T4r, and T6r, the maximal rates of nucleic acid synthesis were identical. In this study, however, it has been shown that the removal from the medium of a relatively complex building block (tryptophan) essential for virus synthesis does vary with the virus being synthesized. This difference from the earlier studies presumably depends on the complexity of the substance removed from the medium and the number of operations that must be performed to fit the substance into the virus structure. A certain amount of variability was noted from one experiment to the next. It is now considered desirable in the course of each experiment to correlate the loss of amino acid from the environment of the host cell with the results of another type of function of virus synthesis, such as desoxyribose nucleic acid synthesis or phage formation.
SUMMARY
Escherichia coli B/1, a tryptophan-requiring mutant of E. coli B has been used in the microbiological assay of low concentrations of L-tryptophan.
A method has been devised for measuring the depletion of tryptophan from a mediuim incubated with normal and virus-infected bacteria.
E. coli B grown in a medium containing acid-hydrolyzed casein and glucose develops little or no tryptophanase but is capable of the immediate utilization of tryptophan under conditions suitable for growth.
E. coli B infected with phage, suspended in a defined medium containing 20 amino acids, rapidly removed L-tryptophan from the medium.
The uptake of tryptophan was a function of the virus strain used, the rates of depletion by virus-infected cells being in the order T2 > T4 > T6.
